The present study aimed to investigate the reliability of metabolic and subjective 18 appetite responses under fasted conditions and following consumption of a cereal-based 19 breakfast. Twelve healthy, physically active males completed two postabsorption (PA) 20 and two postprandial (PP) trials in a randomised order. In PP trials a cereal based 21 breakfast providing 1859 kJ of energy was consumed. Expired gas samples were used to 22 estimate energy expenditure and fat oxidation and 100 mm visual analogue scales were 23 used to determine appetite sensations at baseline and every 30 min for 120 min. 24
Consistency of metabolic responses and appetite sensations
The test-retest reproducibility of these measures is pertinent in order to be 50 confident that an intervention or variable is the cause of a difference in a trial and not 51 random variability or systematic bias (Atkinson & Nevill, 1998; Hopkins, 2000) . 52
Reliability can be defined as producing the same or similar result when a protocol is 53 repeated a number of times (Atkinson & Nevill, 1998) . It has been proposed that 54 reliability should be assessed using a variety of statistical measures (Atkinson & Nevill, 55 1998) such as Bland and Altman limits of agreement (Bland & Altman, 1986) , 56 coefficient of variation (CV), intraclass coefficient of correlation (ICC) and 95% 57 confidence limits of typical error. The inclusion of multiple analyses of reliability 58 allows for interpretation of the components of reliability, comparison with similar 59 studies using different analyses and is further justified due to a current lack of 60 consensus on a primary method to ascertain reliability (Atkinson & Nevill, 2000; 61 Hopkins, 2000) . 62
Research on postprandial thermogenesis have concluded that a high test-retest 63 reliability exists (Segal, The reliability of appetite visual analogue scales (VAS) have previously been assessed 69 in response to a solid (Flint, Raben, Blundell, & Astrup, 2000) and liquid (Raben, 70 Tagliabue, & Astrup, 1995) mixed meals. The CVs were shown to vary from 7-25%, 71 with prior diet standardisation not improving the consistency. However, in the United 72
Kingdom, around one-third of the population consume cereal-based breakfasts (Gibson 73 & Gunn, 2011); recommended for numerous health benefits. To the current author's 74 knowledge, the reliability of energy expenditure and appetite has not been assessed in 75 response to a cereal and milk-based breakfast. 76
As the physical composition of a meal can influence metabolic and endocrine 77 responses (Peracchi et al., 2000) , then the reliability of metabolism is likely to be 78 affected due to additional biological processes arising, each with an inherent variability. 79
Moreover, the number of recent publications using cereal and milk based breakfasts 80 with appetite and/or energy expenditure and fat oxidation as outcomes is considerable 81 fat oxidation and hunger during the postprandial trials were assessed using Altman limits of agreement (Bland & Altman, 1986 expenditure, yet CV and typical errors were similar (Table 1) it is of substantial magnitude to question the sensitivity to detect subtle differences in 238 meal composition. 239
The relationship shown between the CVs of EE and BMI suggests that the 240 reliability of EE measurement is reduced as BMI is increased. An explanation for this is 241 not readily available. Although a tentative suggestion is that the higher absolute EE seen 242 with a higher BMI would affect the degree of variance. However, it should be noted that 243 the relatively tight range of BMI in this study may limit the validity of this statistic.
When fasted, fat oxidation also displayed strong reproducibility with a good 245 ICC, and reasonable CV (Table 1) . However, these values did deteriorate to a degree 246 during the postprandial trial (Table 1) , though not to a significant extent with regards to 247 the CV. To the author's best knowledge, this is the first study to exhibit the consistency 248 of the fat oxidation response to a non-liquid meal. It appears that the fat oxidation 249 response is comparable to, yet slightly less reliable than energy expenditure. Altman limits of agreement for FO were also relatively large at 9.3 g (Figure 2 ). This 251 may mean that differences in an intervention are difficult to detect with this 2 h 252 postprandial protocol. In a similar fashion to fat oxidation, the typical error for 253 postprandial carbohydrate oxidation was substantial and a 13.9 g difference would be 254 required by an intervention to be considered meaningful (Table 1) . RER displayed 255 tighter CVs (Table 1) (Table 2) , where hunger 263 and prospective consumption were more reliable than fullness and satisfaction, although 264 all showed an improvement. This was probably due to the increase in the number of 265 measures taken. Previous research has also shown reduced coefficients of repeatability 266 (CR = 2 x SD) with mean postprandial measures versus fasting (Flint et al., 2000) . It 267 was suggested that as the number of time points increases, the reliability improves as 268 individual outlying data points will be reduced in their impact. The former study had 269 averaged ratings over a 4.5 h period, resulting in 10 data points. The present study 270 demonstrates that the CV is improved after just 2 h (5 data points) to a level comparable 271 to that found previously (Raben et al., 1995) . Postabsorptive appetite ratings generally 272 showed improved reliability compared to baseline (although the reliability of 273 prospective consumption ratings weakened). In terms of CV, the pattern was reversed 274 typical error these can be influenced by sample size (Hopkins, 2000) . This assortment of 299 analyses not only allows for a more resolute picture of global reliability, but also 300 facilitates the comparison with similar studies. 301
The condensed expired gas sampling periods used in the present study could be 302 seen as a limitation, yet 5 min of stable measures have been deemed sufficient for best 303 practise methods for the determination of energy expenditure (Compher et al., 2006) . As 304 this study suggests that fat oxidation is less reliable, then considerations may be made 305 that a longer sampling period may be necessary for the determination of postprandial fat 306 oxidation in future studies. 307
It is worthy to note that the participants of both the present study and that of 308 Flint et al. (2000) were young healthy males of normal BMI. An interesting avenue for 309 future research could be to investigate whether the reliability remains at a similar 310 echelon when studying different populations (females, children, overweight and insulin 311 resistant). 312
In conclusion, the reliability of the measurement of energy expenditure in 313 response to a cereal and milk based breakfast is reasonable when taken over a 2 h 314 period. Fat oxidation following breakfast was slightly less consistent and may not be as 315 sensitive to interventions. The reproducibility of appetite sensations over a 2 hpostprandial episode were shown to be comparable to those reported previously over a 317 4.5 h period. Thus in physically active males, 2 h is enough time to detect differences in 318 metabolic (namely, energy expenditure and fat oxidation) and appetite responses to 319 breakfast meals within studies requiring a shorter time period of sampling such as pre-320 load and exercise intervention studies. Typical errors indicate that a 211 kJ, 6.7 g and a 321
16.5 mm difference in postprandial energy expenditure, fat oxidation and AUC for 322 hunger would be a needed for an intervention to be considered meaningful for studies of 323 a similar design. 324 325 
